OBJECTIVES: To investigate time trends in incidence of activity of daily living (ADL) disability of Chinese older adults and to explore factors potentially contributing to trends. DESIGN: Population-based prospective study using a multistage, randomized, cluster sampling process. MEASUREMENTS: Disability in ADLs was defined as inability to perform at least one of five self-care activities (transferring, dressing, toileting, bathing, feeding). Data were analyzed using Cox and generalized estimating equation models. RESULTS: The incidence (per 1,000 person-years) of ADL disability decreased significantly from 35.3 in 1993-2000 and 28.9 in 1997-2004 to 24.3 in 2000-2006 in Chinese older adults (P trend < .001). The incidence of ADL disability decreased significantly in men and women, in young-old adults (aged 60-74), and in those living in rural areas (all P trend ≤ .02) after controlling for multiple potential influential factors. Of the five ADL items, decline in incidence of disability was significant in transferring (P trend < .001) and bathing (P trend = .002) and marginally significant in toileting (P trend = .06) but stable in dressing (P trend = .38) and feeding (P trend = .26). CONCLUSION: The incidence of ADL disability decreased from 1993 to 2006 in older adults in China, especially in transferring and bathing, independent of sociodemographic, lifestyle, and chronic health conditions.
A decline in the prevalence and incidence of disability in activities of daily living (ADLs) in the past 2 to 3 decades has been reported in older adults in high-income countries. [1] [2] [3] In China, several studies have also shown a downward trend in prevalence of ADL disability in older adults. [4] [5] [6] It is likely that the favorable trend in prevalence of ADL disability is due partly to a declining incidence of disability, but no population-based studies have investigated the secular trends in incidence of ADL disability in China. Moreover, time trends in disability according to specific ADL tasks have not been reported in Chinese older adults.
Late-life functional disability has been associated with unhealthy lifestyles (e.g., smoking) and chronic health conditions and multimorbidity (e.g., diabetes mellitus, cardiovascular disease (CVD), dementia). [7] [8] [9] [10] [11] Therefore, changes in prevalence of these factors may affect time trends of late-life ADL disability. It has been estimated that the decrease in cardiovascular risk has contributed to an approximately 22% reduction in disability in the United States. 12 Stroke is a leading contributor to physical disability and disability-adjusted life-years in China. 13 Physical functioning deteriorates after a clinical stroke, and a considerable proportion of individuals with stroke become dependent in ADLs, especially older adults.
14 Crosssectional studies have shown that the association between CVD (e.g., stroke) and disability becomes weaker over time, 4, 15 but time trends in the strength of longitudinal association between chronic conditions and risk of disability has not been investigated. Given the significant effects of functional dependence on quality of life and on the social care system, 16 clarifying the time trend of the disabling effects of modifiable risk factors will have important implications for public health.
A decline in the prevalence of ADL disability from 1997 to 2006 was reported in older adults in China. 4 The current analysis sought to investigate the secular trends in incidence of ADL disability in Chinese older adults and to explore factors that may contribute to the time trends.
METHODS

Study Design and Population
Study participants were derived from China Health and Nutrition Survey (CHNS), a nationwide longitudinal survey on health risk factors, nutritional status, and health outcomes in Chinese individuals aged 2 and older. The study sample for CHNS was drawn from nine provinces (Liaoning, Heilongjiang, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi, Guizhou) using a multistage randomized cluster-sampling process, as fully described elsewhere. 17 The CHNS survey was conducted in 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, and 2011 . ADLs were assessed only in the surveys from 1993 to 2006 for people aged 55 and older. Only individuals aged 60 and older were included in the current study.
To explore the trends in incidence of ADL disability over time, three consecutive cohorts were identified within CHNS that covered three time periods: Cohort 1 (1993 Cohort 1 ( -2000 , Cohort 2 (1997 Cohort 2 ( -2004 , and Cohort 3 (2000 Cohort 3 ( -2006 . Each cohort (time period) covered three waves of survey; the first wave was considered the baseline survey, and the two successive waves were considered to be follow-up surveys. Because the objective was to determine incidence of ADL disability, individuals with ADL disability at baseline of each of the three cohorts were excluded from the analytical sample. Figure 1 shows the flowchart of study participants. Of all eligible subjects who were free of ADL disability at baseline of each of the three cohorts (n = 4,119), 831 out of 1,209 (68.7%) in Cohort 1, 1,091 out of 1,447 (75.4%) in Cohort 2, and 1,152 out of 1,463 (78.7%) in Cohort 3 underwent at least one follow-up assessment. Of the 1,045 (25.4%) subjects who had no follow-up data, 678 (64.9%) were due to dropouts, and 367 (35.1%) died. Nonparticipants were older, more likely to be unmarried, more likely to go to a hospital for health care, and have more chronic diseases than participants.
Of all 3,074 participants, 920 (29.9%) were included in at least two of the three cohorts: 306 were included in all three cohorts, 205 were included in Cohorts 1 and 2, 359 were included in Cohorts 2 and 3, and 50 were included in Cohorts 1 and 3 ( Figure 1 ).
Data Collection and Definitions
Trained and certified health professionals collected data through interviews and physical examinations. 17 Smoking status was categorized as never, former, and current. Alcohol intake was categorized as no regular, light to moderate (1-14 drinks per week for men, 1-7 drinks per week for women), and heavy (>14 drinks per week for men, >7 drinks per week for women). 18 Physically active (data available from 1997 onward) was defined as participation in 150 minutes or more of moderate-intensity aerobic physical activity per week, 75 minutes or more of vigorous-intensity aerobic physical activity per week, or an equivalent combination of moderate-and vigorous-intensity activity. 19 Dietary reference intake was defined according to the recommendation that macronutrient distribution range should be 45% to 65% of total energy for carbohydrates, 20% to 35% for fat, and 10% to 35% for protein. 20 Body mass index (BMI) was calculated as measured weight (kg) divided by height (meters) squared. Obesity was defined as a BMI of 28 kg/m 2 or greater, a cut-off proposed specifically for Chinese adults. 21 Hypertension was defined as systolic blood pressure of 140 mmHg or greater, diastolic blood pressure of 90 mmHg or greater, or currently using antihypertensive medications. 22 Multimorbidity was defined as having two or more chronic health conditions that included obesity and hypertension; self-reported physician diagnosis of diabetes mellitus, heart disease or myocardial infarction, and stroke; self-reported joint or muscle pain, vision or hearing problems, urination or defecation problems, anxiety, exhaustion, unexplained weight loss, memory complaint, and other chronic noncommunicable conditions. ADLs were measured according to self-reported responses to questions (Do you have any difficulty performing this activity?) about involved five self-care tasks (transferring (standing up from long-term sitting), dressing, toileting, bathing, and feeding). The answers to these questions included five options (1 = no difficulty, 2 = some difficulty but can still do it, 3 = need help, 4 = cannot do it at all, 9 = unknown). Persons who answered need help or cannot do it at all in at least one of the five self-care activities were defined as having disability in basic ADLs. 23 
Statistical Analysis
The time trends in baseline characteristics across the three time periods were assessed using generalized estimating equation (GEE) models, with an identity link and a normal distribution for continuous variables and a logit link and a binomial distribution for categorical variables. The GEE models could address the correlation of repeat participation of the same individuals over time (e.g., persons included in two or three cohorts in this study). Incidence of ADL disability was calculated according to person-years of follow-up. For persons who had not developed ADL disability at last contact, follow-up time was calculated from baseline survey to last contact. For those who developed ADL disability, onset of ADL disability was assumed to be the midpoint between the two surveys owing to its insidious onset. 24 Thus, follow-up was estimated as the full time during which subjects remained free of ADL disability plus half of the follow-up time during which ADL disability developed. GEE models were employed to assess trends in incidence of ADL disability over time after controlling for age, sex, ethnicity, marital status, education, living region, access to healthcare facility, smoking, alcohol intake, physical activity, diet, chronic multimorbidity, and follow-up time. Time trends of ADL disability were assessed according to age (60-74 vs ≥75), sex, and living region (urban vs rural). 25 Cox proportional hazards models were used to examine the association between various factors and ADL disability in each of the three cohorts. Time trends in associations between various factors and ADL disability across the three cohorts were examined using multiple GEE models in which the interaction term between survey time and individual factors or related disorders was included in the model together with covariates.
Multiple-imputation analysis was conducted to assess the effec of missing data at baseline and dropouts (but not deceased) during follow-up on trends in ADL disability. 26 IBM SPSS Statistics 22 for Windows (IBM SPSS Inc., Chicago, IL) was used for all analyses.
RESULTS
Characteristics of Study Participants
Over time, the level of education increased (P trend < .001), and the proportion of people going to the hospital (vs local or village clinics) for health care decreased (P trend = .04). After controlling for age, sex, education, and living region, the proportion of people with chronic multimorbidity increased over time (P trend < .001). Mean age and proportions of individuals did not differ significantly according to sex, ethnicity, marital status, rural residents, smoking, alcohol intake, and unfavorable diet between the cohorts over time (P trend > .05) ( Table 1) .
Trend in Incidence of ADL Disability
Overall, the incidence of ADL disability (per 1,000 personyears) significantly decreased from 35.3 in 1993 to 2000 and 28.9 in 1997 to 2004 to 24.3 in 2000 to 2006 (P trend < .001). The decline in incidence of ADL disability was significant in men (P trend = .02) and women (P trend = .003), in young-old adults (aged 60-74) (P trend = .001), and in those living in rural area (P trend < .001) ( Table 2) . After controlling for multiple covariates, the incidence of ADL disability was higher in old-old adults than in young-old adults in each of the three cohorts (all P < .001) and in women than in men for the 1997-2004 cohort (P = .04). There was no significant difference in incidence of ADL disability according to living region in any of the three cohorts (all P > .05).
Trends in Incidence of Disability in ADL Items
Of the five ADL items, incidence of disability was the highest for transferring, followed by bathing, toileting, and dressing, and the lowest for feeding within each cohort. The decrease in incidence of disability from 1993-2000 to 2000-2006 was statistically significant for transferring (P trend < .001) and bathing (P trend = .002); the incidence of disability was stable over time for toileting (P trend = .06), dressing (P trend = .38), and feeding (P trend = .26) (Figure 2) .
Trends in Associations Between Various Factors and Disability
The hazard ratio of ADL disability was significantly associated with older age in all three cohorts, and there was no significant change in the disabling effect of age (Table 3) . Being female, having more years of education, current smoking, and alcohol intake tended to be negatively associated with ADL disability in the early cohorts, but the associations disappeared in the 2000-2006 cohort, and the trends of associations with ADL disability were significant for primary school (vs no formal school, P trend = .03) and for current smoking (P trend = .008). Having chronic multimorbidity was associated with a higher risk of ADL disability, but the trend of the association was not statistically significant. The strength of associations between ADL disability and other factors (e.g., ethnicity, marital status, living region, access to health care, diet) did not change significantly over time (Table 3) .
Sensitivity Analysis
The multiple-imputation analysis on the missing data owing to dropouts (not deceased) showed similar results in terms of time trends of ADL disability, but the incidence rates of ADL disability from the imputation analysis were higher than those from the sample without imputation (Table S1 ). The imputation analysis showed a decreasing trend of disability in all ADL items except for feeding ( Figure S1 ).
The analyses were repeated excluding individuals from subsequent cohorts who were already included in the previous cohort, which yielded results similar to those from the main analyses (data not shown).
DISCUSSION
This study of a nationwide sample in China showed that the incidence of ADL disability in people aged 60 and older decreased from 1993 to 2006 and that the decline was evident in men and women, in young-old adults (60-74), and in rural residents, even when a broad range of factors (e.g., sociodemographic, lifestyle, and chronic health conditions) were taken into consideration. Of the five self-care activities, the incidence of disability decreased mainly in transferring and bathing.
This study supports the idea that the decreasing prevalence of ADL disability in Chinese older adults, as previously reported, 4,5 might be partly attributed to the declining incidence of disability. Furthermore, previous research has revealed a pattern of functional decline and recovery in ADL in older adults, 27 and the transition from ADL-disabled condition to active status is nontrivial. 28 Thus, the increase in the rate of recovery from ADL disability for disabled persons (or decrease in duration of disability) over time may also contribute to decline in prevalence of ADL disability. In support of this view, an increase in the recovery rate of persons disabled in ADLs was found over time in additional analyses (Table S2) .
Previous studies have reported a different prevalence of ADL disability between urban and rural areas in China, although the rural-urban difference tends to diminish over time. 4, 25 Similarly, the current study found that the incidence of ADL disability was generally comparable in rural and urban residents in the three cohorts, although the decline in incident disability was more evident in rural residents. In the past 3 decades, China has experienced rapid industrialization and urbanization, and rural areas have acquired certain characteristics of urban environments. 29 This may partly reflect the fact that the urban-rural gap in lifestyles and socioeconomic status had gradually diminished in China.
Earlier studies showed that the prevalence of disability decreased for transferring, bathing, toileting, or dressing 2,30 but was stable for feeding. 2 To the best of the knowledge of the authors, the secular trends in incidence of disability in individual ADL tasks have not been reported. Of the five self-care ADL tasks, the declining trend in incidence of disability was more evident in transferring and bathing, although imputation analysis showed declining incidence of disability also for toileting and dressing, whereas the incidence of disability in feeding was stable. This might partly contribute to the declining prevalence of disability in transferring, bathing, toileting, and The number of participants with missing value was 5 for ethnicity, 64 for marital status, 14 for education, 990 for access to healthcare facility, 12 for smoking, 49 for alcohol intake, 33 for diet, and 4 for chronic multimorbidity. A dummy variable was created for the missing value of all above variables in the subsequent multiple variable analysis. Generalized estimating equation models were employed to test the time trends, if applicable, controlling for age, sex, education, and living region.
dressing and the stable prevalence of disability in feeding, as previously reported. 2, 30 The declining incidence of disability might be partly attributable to improved contextual environmental factors and living conditions in the past 2 to 3 decades in China. 31 For instance, functional capacity or the extent of disability depends on environmental support, use of technical aids (e.g., walkers), and modifications of the home environment (e.g., use of showers instead of bath tubs), 32, 33 which might partly explain the declining trends in incident disability in transferring and bathing. Because these two tasks are the most commonly affected in ADL items in Chinese older adults, 28 the finding of decreasing incidence of disability in transferring and bathing has significant implications for public health and elderly care.
The potential factors contributing to the favorable trends in ADL disability over time are complex and poorly understood. Of those factors examined in the current study, sociodemographic factors (e.g., age, sex, education, living region) play a part in functional outcomes, which are in line with the literature. 25, 27 People received more years of education over time, which might contribute to the declining incidence of ADL disability, but the protective effect of higher educational attainment tended to decrease over time. Smoking and heavy alcohol intake were associated with lower risk of ADL disability in the 1993-2000 and 1997-2004 cohorts, which is unexpected, but such an effect diminished over time, and heavy alcohol consumption even became a potential risk factor for ADL disability in the 2000-2006 cohort. In addition, chronic multimorbidity was associated with ADL disability, and the strength of association with ADL disability tended to decrease over time. Chronic health conditions might become less disabling over time owing to improvements in early diagnosis, medical treatment, and rehabilitation of these disorders. 34, 35 An increase in prevalence of obesity, hypertension, diabetes, and major CVD accompanied the favorable trends in ADL disability in China. 13, [36] [37] [38] Thus, national strategic policies and intervention programs targeting major modifiable risk factors are imperative to tackle the increasing prevalence of CVD, which may lead to a further decline in incidence of ADL disability.
The major strength of this study is the nationwide sample derived from a large, diverse population in China. Moreover, data were collected using consistent approaches over time, with the participation rate being rather high across cohorts (~70-80%). This study also has limitations. First, nonparticipants (or dropouts) were older and more likely to be unmarried and have multimorbidity than participants, although multiple-imputation analysis could confirm the decreasing trend in incidence of ADL disability. Second, although the potential effects of numerous chronic health conditions on the time trends of ADL disability were examined, it was not possible to explore the effects of certain sociocultural and environmental factors (e.g., improved medical techniques, social and family support, public transportation) and additional chronic diseases (e.g., chronic obstructive pulmonary disease, dementia) because of lack of specific data. Finally, the use of self-reported information on lifestyle factors and chronic diseases might misestimate their true prevalence and associations with disability.
In summary, this study provided evidence that the incidence of ADL disability decreased from 1993 to 2006 Generalized estimating equation models were employed to test the time trends after controlling for ethnicity, marital status, education, access to healthcare facility, smoking, alcohol intake, physical activity, diet, chronic multimorbidity, follow-up time, and if applicable, for age, sex, and living region. in Chinese elderly people, especially in transferring and bathing. Given that a decline in incidence of ADL disability has significant implications for public health and healthcare policy in an aging society, these findings warrant independent confirmation in other populations. Hazard ratios (HRs) and 95% confidence intervals (CIs) were derived from Cox models after controlling for all variables listed in the table.
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